The sea mink (Neovison macrodon (Prentiss, 1903): Mustelinae) was an unusual late-Cenozoic example of an organism that had rapidly evolved toward a marine niche. Except for the otters, it was probably the most aquatic member of the Musteloidea. Its status as a separate species has not been resolved. A larger relative of the American mink (N. vison), it inhabited the shores of New England and possibly the Canadian Maritime Provinces until it was hunted to extinction in the 19th century. Skeletal and skin specimens were not collected by zoologists, but the former are known from Native American archaeological sites. The hypothesis that the sea mink showed dental divergence from N. vison, an indication of systematic and ecological distinctness, was tested on 111 dentally mature mink specimens originally collected from the Turner Farm archaeological site (Penobscot Bay, Maine). These teeth, dating from about 5,000 to 250 years ago, were compared with 158 other specimens measured for this study and published data from 78 individuals, representing 4 subspecies of N. vison and 22 additional musteloid genera. Thirteen dental measurements were taken on all species and studied using regressions, principal component analysis, and significance testing. Based on comparisons with American mink, it appears likely that the archaeological specimens included primarily N. macrodon but also N. vison. Although pairs of species within the Lutrinae and genus Mustela showed divergence comparable to that of N. vison and N. macrodon, the dental proportions of male and female N. vison and of the several N. vison subspecies were nearly identical. These analyses suggest that N. macrodon was sufficiently distinct from N. vison to support its recognition as a separate species.
The sea mink (Neovison macrodon (Prentiss, 1903) ) inhabited the shores of New England and possibly the Canadian Maritime Provinces. Except for the otters, it was almost certainly the most aquatic musteloid and was unusual in having rapidly evolved toward a marine habitat in the late Cenozoic. Specimens are known from about 5,000 to 150 years ago. The sea mink was hunted to extinction in the latter part of the 19th century, even before it was taxonomically described or scientifically studied (Black et al. 1998; Campbell 1988; Hollister 1965; Seton 1926; Youngman 1989) . Morphologically similar to the American mink (N. vison [¼Mustela vison-Wozencraft 2005] ), it has been classified by some researchers as a species and by others as a subspecies (e.g., Graham 2001; Mead et al. 2000; Mead and Spiess 2001) .
Studying the divergence between the American mink and the more aquatic sea mink may provide clues for reconstructing the evolution of other secondarily aquatic species. Because the resolution of the fossil record is low, little is understood about the evolution of longer-established marine lineages such as the Cetacea and the Pinnipedia. Even when fossils are found, inferences about the adaptations and behavioral ecology of extinct species are largely based on studies of extant species. The Musteloidea includes both terrestrial and aquatic extant lineages, many of which are quite diverse in terms of preferred prey types, spatial patterns of movement, and social systems. Land-to-sea evolutionary transitions are of particular interest because of the drastically different adaptive requirements for surviving in terrestrial and marine environments (e.g., see Bajpai and Gingerich 1998) . It is established that several lineages of Mustelinae, especially Neovison, evolved aquatic adaptations independently of the otters (Lutrinae). Comparative studies of the Musteloidea may shed light on which types of characters tend to evolve in parallel, and under what ecological contexts.
Sea mink remains, primarily cranial, have been excavated from Native American shell middens, although no collector is known to have preserved a complete specimen (Dunstone 1993) . Compared with their homologues in American mink, the rostrum of the sea mink was described as broader and the teeth as larger (Prentiss 1903; Seton 1926) . This last morphological character may have contributed to the decision of Prentiss (1903) to name the sea mink Lutreola macrodon. Hardy (1903) seems to have been the 1st to connect the archaeological specimens to accounts by locals of a large, reddish-furred mink with a distinctive odor and a fatter body than that of the American mink (Manville 1966; Seton 1926) . Loomis (1911) independently described the skull and mandibles of a large New England mink Lutreola vison antiquus, resembling the description of the sea mink. Unlike Prentiss (1903) and Seton (1926) , he considered it a subspecies of American mink rather than a species. Manville (1966) , in his review of sea mink biology and taxonomy, compared the type specimen of sea mink with a skull of N. v. mink from Connecticut and a skull of N. v. ingens from Alaska, representing extremes of American mink variation. He concluded that the differences noted by previous taxonomists were ''relatively minor in nature'' (Manville 1966:9) and the sea mink was probably a subspecies of N. vison.
Most recently, Mead et al. (2000) reported the existence of numerous mink osteological specimens, including postcranial remains, in the Maine State Museum. They measured the largest specimens as significantly greater than the size range for even the largest subspecies of American mink, and therefore concluded these specimens were sea mink. The specimens larger than the known American mink samples were thought to cluster into 2 different groups based on size, and by sex in the interpretation of Mead et al. (2000) . Other specimens from the same archaeological sites fell within the size range for American mink, and were assigned to N. vison. Based on these results, they argued the sea mink should be recognized as a separate species. Graham (2001) proposed a different interpretation of the data obtained by Mead et al. (2000) . According to Graham (2001) , the observed differences between sea and American mink were insufficient to consider the sea mink as a separate species. He suggested assigning all the archaeological specimens analyzed by Mead et al. (2000) to N. macrodon. The groups considered by Mead et al. (2000) to be male and female sea mink may have been all male N. macrodon, and the mink within the size range for N. vison may have been female N. macrodon. In addition, he mentioned that the primary argument of Mead et al. (2000) for species status was the size of the mink, which can be influenced by environmental conditions. Other qualitative differences may have been the result of allometry.
This study attempts to address the criticism of Graham (2001) by analyzing characters that were adjusted for allometry, the proportions of the permanent postcanine dentition of the sea mink. Unlike some characters, such as body size, dental morphology shows comparatively little phenotypic plasticity (Wood and Lieberman 2001) . Thus, differences in tooth shape suggest genetic isolation and adaptation to a distinct ecological niche. Both genetic isolation and ecological niche shift are major criteria for determining species status. The degree of morphological divergence in dental structure of the sea mink from several subspecies of American mink will therefore be compared with the degree of divergence among other musteloids of known species status.
MATERIALS AND METHODS
Archaeological specimens of minks.-The Turner Farm archaeological site is a Native American shell midden on North Haven Island in Penobscot Bay, Maine. It is unusual in the length of time it was used-it has yielded artifacts from more than 5,000 years of habitation, with the most recent dating from the early era of European colonization (Spiess and Lewis 2001) . Discoveries include the richest known assortment of sea mink bones . These were found at all occupational levels, representing the approximate age interval (about 5,000 to 250 years ago) of previously known sea mink bones (Black et al. 1998; Waters and Ray 1961) . The Turner Farm specimens are presently housed at the Maine State Museum in Augusta, Maine. One hundred mink mandibular samples and 11 mink maxillary samples were sufficiently well preserved for use in this analysis (Appendix I).
Other morphological specimens.-For comparative purposes, extant and fossil Musteloidea from the collection at the American Museum of Natural History (AMNH) also were analyzed. Extant taxa viewed included 4 subspecies of N. vison, 4 species of the related genus Mustela, and 5 species in the Lutrinae. Fossil Musteloidea included specimens of the genera Brachypsalis, Mionictis, and Plesiogulo (Appendix I). These fossils typically were not identified to the species level, and specimens of each genus were combined for this study. For principal component analysis, comparisons were made with published measurements of 6 specimens representing N. vison and 78 specimens representing 13 additional musteloid species (Popowics 2003) . Together, this project and the study performed by Popowics (2003) incorporate measurements of approximately 350 individuals from most of the major musteloid taxa.
In my study, I attempted to select specimens of N. vison from the AMNH collected as long ago as possible to minimize the possibility that the individuals were descended from ranch mink. In North America, mink farming started in the 1860s and spread in the early 20th century (Park and NowosielskiSlepowron 1980) . Most of the AMNH specimens of N. vison used in this analysis were collected before 1930, and many were collected before 1900. The exception was N. v. letifera, for which the oldest available specimens date to the 1950s.
Specimens were included in the analysis if some or all of the relevant teeth were preserved, there was sufficiently little breakage for tooth proportions to be reliably determined, and there was sufficiently little wear for distances between the apexes of tooth cusps to be measured reliably. This last criterion was determined by calculating the coefficient of variation of repeated measurements obtained at different times (see below). Measurements were taken either on the right or the left premolars and molars, depending on which side was better preserved.
All specimens had fully erupted molars, indicating they were adults. Because older individuals' teeth generally show more wear and breakage, the sample may have contained a disproportionate number of younger adults. An attempt was made to include approximately equal proportions of males and females in the analysis. However, this was not always possible, because relatively few suitable specimens were available for some species and subspecies. In many instances, a sufficiently large sample size could only be obtained by incorporating individuals of unidentified sex (Appendix I).
Specific measurements.-Thirteen dental measurements were taken, based on a system developed by Popowics (2003) for quantifying mustelid and viverrid shearing, chopping, and crushing surfaces (Fig. 1) . In many specimens, some of the relevant structures were missing, and measurements were taken only on those that were well preserved.
All relevant specimens were positioned at the same angle and photographed using a Nikon 60 mm f/2.8D AF Micro-Nikkor macro lens and a Nikon SB-29s macro speedlight, attached to a 6.1 megapixel Nikon D70s single-lens reflex, tripod-mounted camera (B&H Photo Video, New York, New York). A ruler included in each image was positioned level with and parallel to the alveolar rim of the carnassial tooth. Distances and areas were calculated using ImageJ 1.33u (Rasband 2004) . A randomnumber generator program was written in JAVA and used to determine the order in which data were obtained from individuals. To test the reliability of the measurements, triplicate analyses of the same photographs were performed days or weeks apart. If the coefficient of variation (CV) for these replicates was greater than 0.1, the most deviant measurement was discarded and retaken. If the CV was still greater than 0.1, the measurement was omitted from the analysis.
For most analyses, especially those of average trends in the evolution of several dental features, measurements were converted to their natural logarithms (ln) to linearize the allometry equation (Jolicoeur and Mosimann 1960) . The lengths and areas of the morphological structures were estimated as the arithmetic means of the 3 replicate measurements. Averages of multiple individuals were geometric means, as recommended by Gingerich (2000) . A Pearson's productmoment correlation was performed on N. vison to determine the compatibility of the measurements from this study and those taken with calipers and camera lucida by Popowics (2003) .
Sexual dimorphism.-Each measurement was tested for sexual dimorphism in N. vison, using an analysis of covariance (ANCOVA) to adjust for body size. As in Thom et al. (2004) and Van Valkenburgh and Wayne (1994) , the length of the Popowics (2003) for quantifying shearing and crushing tooth surfaces. 1, P4LB ¼ P4 length; 2, P4W ¼ P4 width; 3, P4PM ¼ length of upper carnassial shearing blade; 4, PRBL ¼ greatest length of the P4 lingual sulcus; 5, M1BL ¼ length of the M1 buccal surface; 6, M1LL ¼ greatest length of the M1 lingual crushing surface; 7, M1W ¼ width of M1; 8, M1L ¼ greatest length of m1; 9, N1W ¼ width of m1; 10, N1PP ¼ length of lower carnassial shearing blade; 11, TALAREA ¼ crushing area on the m1 talonid basin; 12, M2AREA ¼ m2 crushing area. Another measurement taken on some species, N1MP ¼ distance between the apexes of the protoconid and metaconid cusps, did not exist in the sea mink and is not shown. The resolution of the images used for measurement was much higher than the resolution of this illustration.
carnassial tooth was used as an estimate of body size. The length of the upper carnassial was used to adjust for the size of maxillary measurements and the length of the lower carnassial was used to adjust for the size of mandibular measurements.
Evaluation of N. macrodon divergence.-Principal component analysis was used to explore relationships among the dental measurements in multiple species of Musteloidea. Differences between individuals were quantified by taking the Manhattan distances of the residuals of robust regressions of one individual against another (i.e., the sum of the absolute values of the residuals). Analyses were performed to test whether the quantitative measures of divergence between individuals corresponded to taxonomic separation. In addition, t-tests or ANCOVAs were performed where appropriate to test hypotheses about divergence between sea mink and American mink in individual measurements or measurement ratios. All graphical and statistical analyses were performed using R ( 
RESULTS
Archaeological mandibular specimens.-In the Carnivora, the length of the lower 1st molar (m1; Fig. 1 ) is a standard estimate of body size when more direct measures are unavailable (Thom et al. 2004; Van Valkenburgh and Wayne 1994) . The distribution of m1 in the archaeological mink mandibles was bimodal (Anderson-Darling test for normality, A ¼ 5.37, P ¼ 2.4 Â 10 À13 ), and the 2 groups identified were completely nonoverlapping ( Fig. 2A) . The m1 in the smaller group, which contained 25 specimens, ranged from 8.10 to 8.99 mm. These values were near the upper limit of the size range for m1 in the museum specimens of N. vison (6.32-9.08 mm; Fig. 2B ; Appendix II). The m1 in the larger archaeological group, which contained 75 specimens, was larger than any N. vison measured (9.27-10.73 mm). Unlike the archaeological specimens, the museum specimens of N. vison showed a normal distribution of m1 (Anderson-Darling test, A ¼ 0.203, P ¼ 0.87).
To study the relative proportions of the mandibular measurements of definite specimens of N. macrodon, the geometric means of the dental characters of the 50 largest archaeological specimens were compared with the geometric means of the same measurements in the museum mandibles of N. vison. Log-transformed vectors for each species were thus obtained, and regression analysis of these vectors showed that the larger archaeological specimens displayed dental morphology quite distinct from N. vison (Fig. 3A) . As noted above, the smaller archaeological mandibles overlapped in size with the larger specimens of N. vison (Figs. 2A and 2B) . To explore the possibility that the smaller archaeological mandibles included both small N. macrodon and large N. vison, the measurements from individual specimens were compared with the average measurements from the larger archaeological specimens and from the museum samples of N. vison.
Although the proportions of some smaller specimens more closely resembled those of N. vison, the proportions of others were more similar to those of the largest archaeological specimens (Figs. 3B and 3C). These results suggest that the larger group of archaeological mandibles was probably all N. macrodon, whereas the smaller group probably contained a mixture of small N. macrodon and large N. vison. Using the Manhattan distance of the residuals obtained from a robust regression of each of the 25 smaller archaeological specimens (see ''Materials and Methods''), 8 smaller specimens (individuals MSM 29928, 29994, 29979, 299288, 299294, 299354, 299380, and 299517) were identified as N. vison, 11 (MSM 29942, 29947, 299120, 299287, 299319, 299331, 299347, 299354, 299362, 299508, and 299526) were identified as N. macrodon, and 6 (MSM 29924, 299100, 299288, 299369, 299532, and 299568) could not be identified. Each specimen was regressed against both the mean N. vison and the mean of the 50 largest specimens of N. macrodon, as determined by carnassial length. If the difference between these Manhattan distances was greater than 0.2, the specimen was assigned to 1 or the other species. The possibility that at least some individuals were hybrids of sea and American mink could not be excluded.
Because nearly all Mustelinae exhibit sexual size dimorphism, the largest archaeological specimens of N. macrodon were more likely male than female. The museum specimens of N. vison, in contrast, were known to contain roughly equal proportions of males and females. To test the hypothesis that the differences in dental proportions between the largest N. macrodon and the museum N. vison were due to sexual dimorphism rather than evolutionary divergence, vectors representing the geometric means of male and female N. vison were compared (Fig. 3D) . The Manhattan distance of the residuals obtained was small, suggesting that any bias in the sex composition of the sample of N. macrodon was insufficient to account for the differences observed in the regression of N. macrodon against N. vison (Fig. 3A) . Using ANCOVAs and t-tests, sexual dimorphism in each maxillary and mandibular measurement was tested in N. vison (Table 1) .
Analyses of covariance or t-tests also were performed on selected mandibular measurements and measurement ratios to analyze differences in these measurements adjusted for body size and allometric scaling between sea mink and American mink ( Table 2 ). The width-to-length ratio of the lower 1st molar, which showed no significant correlation with the length of the molar in either the 50 largest sea mink (r ¼ 0.041, P ¼ 0.78) or the museum American mink (r ¼ À0.0093, P ¼ 0.95), was significantly larger in the largest sea mink (t ¼ À4.21, d.f. ¼ 75.54, P ¼ 6.9 Â 10 À5 ). The carnassial blade was found to be slightly but not significantly smaller relative to carnassial tooth length (ANCOVA, F ¼ 478.5, d.f. ¼ 2, 93, P ¼ 0.08) in the sea mink. The sum of the talonid and m2 areas, a measure of molar crushing surface, was slightly but significantly smaller in the sea mink when adjusted for the length of the lower 1st molar (ANCOVA, F ¼ 642.8, d.f. ¼ 2, 68, P , 0.02), even though the absolute size of this measurement was larger.
FIG. 3.-A)
Plots of the geometric means of the 5 mandibular measurements in the 50 largest known sea mink against the same means in the museum American mink specimens. Manhattan metric of residuals was 0.83. Point numbers correspond to the measurements described in Fig. 1 . When the mean value for the American mink and the mean of the 50 largest sea mink were plotted separately against each of the smallest 25 archaeological specimens, some of these specimens, such as MSM 299354; B), produced a pattern quite similar to that of the American mink (Manhattan distance of 0.33 from mean Neovison vison, 0.79 from mean largest N. macrodon), whereas others, such as MSM 299526; C), produced a pattern similar to that of the larger sea mink (Manhattan distance of 1.01 from mean N. vison, 0.37 from mean largest N. macrodon). D) A regression of the average male American mink against the average female American mink revealed only slight sexual dimorphism in postcanine dental proportions (Manhattan metric 0.21). E) Measured differences between sea and American mink also were greater than the differences between even the most geographically separated American mink subspecies in this analysis, N. vison energumenos of the West Coast and N. v. mink of the East Coast (Manhattan metric 0.33). F) Differences between the sea mink and American mink measurements were comparable to differences between species pairs of Mustelinae, such as the ermine and American mink (Manhattan metric 0.88).
The differences observed between mandibles of N. vison and N. macrodon were calibrated to differences in the same measurements among groups of known taxonomic status, including subspecies of N. vison and species of Mustela and Neovison. Fig. 3E . The differences between the sea mink and American mink measurements (Manhattan distance of residuals, X ¼ 0.92) were comparable to or greater than the differences between species pairs in the Mustelinae (Manhattan distance of residuals, X ¼ 0.66, range 0.25-1.45; Fig. 3F ), supporting the recognition of N. macrodon as a separate species. When all the archaeological specimens were analyzed together, regardless of identity, the mean Manhattan metric of the distance from American mink subspecies was 0.74 and the range was 0.49-1.08.
Archaeological maxillary specimens.-A smaller number of mink maxillaries was available from the Turner Farm site. Only 9 of the 11 maxillary specimens included an upper P4, the length of which was used to estimate overall body size. This measurement was highly correlated with the length of m1 in N. vison (Pearson's product-moment correlation of 0.94, using ln-transformed measurements). Thus, although no pairs of archaeological maxillaries and mandibles used in this study were known to belong to the same individual, the sizes of the maxillaries relative to the mandibles could be estimated. All but 1 specimen (MSM 29942) was larger than the largest specimen of N. vison studied, and MSM 29942 possessed a carnassial blade that was shorter, relative to the length of the tooth, than any N. vison. These results suggest that all the maxillary specimens taken from the archaeological site were N. macrodon.
Manhattan distances between N. macrodon and N. vison and between known species and subspecies pairs were obtained as in the mandible, by taking the sums of residuals from each robust linear regression. Using this method, the lowest estimate of divergence between N. macrodon and any of the 4 subspecies of N. vison (range 0.41-0.50) was considerably greater than the highest estimate of divergence between any 2 subspecies of N. vison (range 0.092-0.18). The mean estimate of divergence between N. macrodon and N. vison (0.43) was comparable to the mean estimate of divergence in 28 regressions of 2 different species of Mustela or Neovison (0.41, range 0.14-0.79).
To compare all 7 maxillary characters of sea mink with those of the entire musteloid data set, average measurements for all musteloid species were analyzed using principal component TABLE 1.-Sexual dimorphism in each measurement in the American mink. Acronyms of measurements are as described in Fig. 1 . t-tests were performed on all measurements, and percent sexual dimorphism unadjusted for body size was determined. ANCOVA analyses, adjusted for carnassial length, also were performed after natural-log transformation, except in P4LB and M1L. If significant (P , 0.1), the differences between allometric scaling of males and females are listed. NS ¼ nonsignificant, int ¼ intercept. analysis. The taxa measured for this study included the 4 American mink subspecies as well as 10 additional species. A previous caliper and camera lucida analysis of the same dental measurements (Popowics 2003) produced nearly identical measures of N. vison (Pearson's product-moment correlation coefficient r . 0.99). The comparability of the 2 analyses allowed data from 13 additional musteloid species, obtained by Popowics (2003) , to be included in the analysis. The 1st principal component analysis axis, representing 91% of the variation, was interpreted as representing size differences among the various species, and the remaining axes as reflecting differences in shape. The sea mink separated from the 4 subspecies of American mink on axis 4 (Fig. 4) , representing 7.6% of the non-size-related variation. Monophyletic taxa such as Lutrinae (otters) and Mustela species clustered in the same general regions of the plot, suggesting that the analysis provided a reasonable assessment of taxonomic relatedness. The sea otter (Enhydra lutris), whose molars are unusually large, did not cluster with any of the other species. Its feeding adaptations are unique-no other musteloid is so highly specialized for feeding on hard-shelled marine invertebrates. Consonant with the results obtained by regression analysis, the separation between the sea mink and the American mink was approximately equivalent to that of related species in the genus Mustela, and greater than the separation between the 4 subspecies of American mink. Despite the small sample size for maxillaries of N. macrodon, highly significant and size-independent differences were found in comparisons of N. vison and N. macrodon (Table 2 ). Relative to its length, the upper carnassial tooth was wider (t ¼ 7.85, d.f. ¼ 15.43, P , 1 Â 10 À6 ) and its blade shorter (t ¼ À3.59, d.f. ¼ 9.14, P , 0.01). In N. vison, neither the ratio of upper carnassial blade length to upper carnassial length (r ¼ À0.021, P ¼ 0.89) nor the ratio of upper carnassial width to upper carnassial length (r ¼ À0.12, P ¼ 0.44) showed significant correlation with upper carnassial length. Both correlations were nonsignificant and actually positive in the sea mink, strongly supporting the sizeindependence of these ratios.
DISCUSSION
In my analysis of musteloid dental characters, I found numerous significant differences between the known specimens of N. macrodon and the known specimens of N. vison (Table 2 ). For example, N. macrodon possessed broader upper and lower carnassial teeth and shorter upper carnassial blades, independently of body size and allometric scaling. When corrected for size and allometry, the dental differences between the sea mink and N. vison were much greater than those between sexes of N. vison or between subspecies of N. vison. The morphological distance between N. macrodon and N. vison, as assessed by dental proportions, was comparable to the distance between pairs of known musteloid species in the same subfamily. Thus, in agreement with both Nowak (1999) and Wozencraft (2005) , this study supports recognition of the sea mink (N. macrodon) as a species separate from N. vison.
The quantitative study of dental divergence addresses both the genetic and the ecological aspects of speciation. As a consensus of these 2 perspectives, a species can be considered a breeding population of organisms occupying the same ecological niche space in the same geographic area, at the same period of time. Because dental structures show comparatively little phenotypic plasticity (Wood and Lieberman 2001) , differences in dental morphology at the population level suggest long-term genetic isolation. Dental structures also are implicated in mating, food acquisition, and food processing, the last 2 of which are important components of the ecological niche.
Adaptive ramifications of dental structures.-Dental differences between the sea mink and the American mink likely represent dietary adaptations. Unlike the anterior dentition, which is used to obtain food and also may be implicated in sexual selection (Thom et al. 2004 ), the posterior dentition (analyzed in this study) plays little or no role in mating or FIG. 4.-Axes 3 and 4 from a principal component analysis of all 7 maxillary measurements from 14 subspecies, species, and genera analyzed in this study, including measurements from 13 additional species reported in Popowics (2003) . Axis 1, which was interpreted as representing size differences, described 91% of the variation among the musteloid species. Axis 3 represented 27% of the remaining variation, and axis 4 represented 7.6%. The loadings of axis 3 were 0.72 PRBL, À0.34 M1BL, À0.52 M1LL, and À0.29 M1W. The loadings of axis 4 were À0.26 P4LB, 0.49 P4W, À0.48 P4PM, À0.53 M1BL, and 0.43 M1LL. (Acronyms correspond to the measurements described in Fig. 1 acquisition of food and tends to be more specialized for food processing (Thom et al. 2004) . Different types of foods possess different structural properties and are most efficiently processed by teeth of different shapes. Foods such as bones, nuts, fleshy fruits, or mollusk shells are rigid and are generally resistant to compressive stress. A blunt cusp occluding with an opposing basin can apply pressure to a greater area, causing the food to crack or break along its weak points (Popowics 2003) . In contrast, foods such as flesh, earthworms, or leaves are pliant and will yield rather than crack if tackled with a blunt tooth surface. A sharp surface contacts a smaller section of the food, concentrating the force and increasingly lacerating the food item until it is cut into smaller pieces (Popowics 2003) .
Within extant Musteloidea, the otters (Lutrinae) are some of the most dentally specialized for crushing. Most otter species are generalist predators of aquatic animals, both vertebrate and invertebrate. However, the sea otter (Enhydra lutris) is a specialist feeder on shelled invertebrates and possesses particularly large crushing surfaces (Popowics 2003) . N. vison eats both aquatic and terrestrial prey, primarily vertebrates, but its diet also includes invertebrates. In different seasons many populations of N. vison take different proportions of aquatic and terrestrial prey (Dunstone 1993 ). The dentition of N. vison, although similar to that of rodent-specialist mustelids such as Mustela erminea and M. frenata, shows larger crushing surfaces.
Some of the differences observed in the dentition of the sea mink, such as relative reduction in length of the upper carnassial blade and relative increase in width of the upper carnassial tooth, suggest some degree of adaptation for consuming aquatic prey that are harder-bodied than those taken by N. vison. Diet possibly played a major role in the divergence of N. macrodon and N. vison, especially in light of recent field studies of extant musteloids. Mink and river otters enter the water largely to forage, and the behavioral ecology of these high-trophic-level predators is greatly affected by food availability (Dunstone 1993; Kruuk 1995) .
Relative divergence.-Subspecies-level comparisons in American mink were somewhat limited by the geographic origins of the samples. Although Mead et al. (2000) obtained individuals of N. vison from nearly the full extent of this species' range, including Alaska, Pacific offshore islands, and the east coast of North America, my study only incorporated specimens from the continental United States and southern Canada (subspecies energumenos, letifera, mink, and vison). Furthermore, analyzing the differences among subspecies of American mink is not, in itself, sufficient for evaluating the species status of the sea mink. The most divergent populations within a single species may still be much less different than separate species, a situation that is probably the case for N. vison. Modern ranch mink are typically descendants of populations from both Alaska and Quebec, localities at nearly opposite ends of the range of this species (Park and Nowosielski-Slepowron 1980) . Feral mink are known to have successfully invaded South America and the Old World (Dunstone 1993) , and it seems probable that escapees from fur farms routinely breed with local populations in North America, where the species is native.
To determine the degree of dental divergence that would be expected for closely related species, pairs of recently diverged species in the related genus Mustela were analyzed. Although the black-footed ferret (Mustela nigripes) is uniquely dependent on a diet of prairie dogs (Owen et al. 2000) , Kurtén and Anderson (1980) suggested it is conspecific with the allopatric steppe polecat (Mustela eversmanii) which can interbreed with both M. nigripes and the European polecat (Mustela putorius) in captivity. Both M. nigripes and M. putorius were included in this study. M. nigripes probably diverged from M. putorius between 1 and 3 million years ago (Owen et al. 2000) , and the 2 species are usually placed in the same subgenus Putorius. In some classifications, M. erminea and M. frenata also are tentatively placed in the same subgenus (Mustela), although Marmi et al. (2004) argue that they should not be grouped together because their divergence is too great. The measured dental divergence between the American mink and the sea mink was typically greater than that between M. putorius and M. nigripes, and between M. erminea and M. frenata.
Sexual dimorphism.-It appears likely that the sample from Turner Farm contained a larger number of males than females. In both N. macrodon and the archaeological sample of N. vison, the mandibles disproportionately belonged to larger individuals, presumably males. In Mustela and N. vison, males tend to range more widely than females. Sexual differences in home range result from the greater food requirements of males, their ability to tackle larger prey, and their pursuit and defense of females during the mating season (Dunstone 1993; King 1989) . The ranging behavior of the sea mink was probably similar to that of its relatives, and its mating system was probably polygynandrous, as in Mustela and N. vison. Compared to conspecific females, males of both N. macrodon and N. vison may have been obtained more frequently by Native American hunters.
Sexual dimorphism in dental proportions appears to contribute little to the perceived differences between American mink and sea mink (Fig. 3D) . Although many of the sex differences in these dental proportions approached or exceeded significance (see ''Results'' and Table 1), the actual size of the difference was slight. The detailed measurements of the mustelid postcanine dentition (described by Popowics [2003] ) and their corresponding relationship to dietary niche space have not been used previously to test whether the 2 sexes function as different morphospecies. My analysis suggests the 2 sexes function as 1 morphospecies, at least for these characters in American mink. These results are consistent with previous studies of American mink and other carnivorans, in that the carnassials showed significant but slight sexual dimorphism in relative proportions (e.g., Dayan and Simberloff 1996; Holmes and Powell 1994; Lynch and Hayden 1995; Meiri et al. 2005; Stevens and Kennedy 2005; Thom et al. 2004; Wiig 1986 ). Stevens and Kennedy (2005:213) described female American mink as ''extremely similar morphologically to male mink, only scaled down in size.'' In general, these studies found a much greater degree of sexual dimorphism in canine morphology. This was attributed to sexual selection acting on the canines, although males do feed on somewhat larger prey. It is interesting, however, that sexual dimorphism virtually disappeared in this analysis of postcanine dental characters that are implicated primarily in feeding ecology rather than other characters that are implicated in both feeding ecology and sexual selection.
Evolutionary ecology.-The Musteloidea is unusual in containing multiple lineages of terrestrial, semiaquatic, and secondarily marine species, nearly all of which are extant and reasonably well studied. The terrestrial lineages are adapted for following their prey into many types of environments, including burrows and tree canopies. Musteloids occupy nearly all continents, inhabit latitudes from the arctic to the subantarctic, and the superfamily is arguably the most species-rich in the Carnivora. Because of these attributes, the Musteloidea is a highly suitable lineage for paleontological studies of macroevolutionary niche shift.
Although land-to-sea evolutionary transitions are extremely uncommon, the sea mink is a late-Cenozoic example of a species that recently and rapidly became marine. Notably, Vermeij and Dudley (2000) categorized it as a marine mammal based on its obligate association with coastal habitats. Secondarily marine species from sea grasses (Wetzel and Penhale 1983) to sea otters (Estes and Palmisano 1974) are crucial components of their ecosystems, and it is possible that the sea mink was an important predator in the coastal and intertidal ecosystems of the North Atlantic. It most likely consumed a greater proportion of seabirds, seabird eggs, and hard-bodied marine invertebrates than does its relative, the American mink.
It is possible that the sea mink evolved south of its 19th-century range, which was under ice during the most recent glaciation (Yu and Wright 2001) . Although the lower layers of the shell midden appear to have included large specimens of N. macrodon, remains of N. macrodon older than about 5,000 years have not been described. This can perhaps be attributed to sea-level rise and shore subsidence during the Holocene (Spiess and Lewis 2001) , which would have submerged older sea mink specimens. It is also possible that the sea mink evolved at some point after the glaciers receded, in response to newly available resources along the North Atlantic coast. Other carnivoran species are thought to have diverged as recently as 10,000-16,000 years ago. For example, the island fox (Urocyon littoralis) was isolated on California's Channel Islands in this time period and is considered a separate species from the gray fox (Urocyon cinereoargenteus- Wayne et al. 1991) . Molecular analyses of the sea mink would be useful to determine the approximate time of divergence between N. vison and N. macrodon, and to elucidate where and how N. macrodon may have evolved.
SYNONYMY
Neovision macrodon (Prentiss, 1903) Lutreola macrodon Prentiss, 1903:887 Baryshnikov and Abramov, 1997:1399- 1410. This generic name was proposed for the American minks. Although it seems antedated by Lutreola, I follow the taxonomy of Wozencraft (2005) .
APPENDIX II
Mean measurement values (in mm), by taxon, with sample sizes denoted by n. For Neovison macrodon, only the largest specimens were included in these calculations. Where the individuals used for this study were reasonably large and representative samples of their taxa, standard deviations of the measurements are indicated in parentheses. Acronyms of measurements are as defined in Fig. 1 
